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Method for manufacturing plate stacks, particularly coolers or cooler elements 

consisting of plate stacks 

The invention relates to a method for manufacturing plate stacks, particularly 
for manufacturing coolers or cooler elements or heat sinks consisting of at 
least one plate stack according to the preamble of claim 1 . 

Heat sinks or coolers, also known as micro-coolers, are known in the art and 
are designed especially for cooling electrical components or modules, 
particularly also high-power components or modules, consisting of thin metal 
(metal foil) plates joined with each other to form a stack, the inner plates of 
the stack being structured, i.e. provided with openings or passages, so as to 
form cooling channels or flow paths for a coolant in the interior of the plate 
stack or cooler. For surface joining of the plates, they are provided with a 
joining material on their joining surfaces, i.e. on their surface sides. In order to 
join or connect the plates, the latter are then stacked one on top of the other 
in a stack and then heated to a suitable process temperature, in which a 
fusible metal area (joining or hot-melt layer) is produced on the joining 
surfaces using the joining material, so that after cooling of the stacks they are 
joined with each other to form the plate stack. 

The disadvantage of such methods is that especially at the junction between 
two plates of the plate stack, micro cavities remain, which promote corrosion 
and can therefore cause leaks in coolers, heat pipes, etc. 

The object of the invention is to demonstrate a method that eliminates this 
disadvantage. This object is achieved by a method embodied according to 
claim 1 . 

Further embodiments of the invention are the subject of the dependent 
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claims. The invention is explained below based on exemplary embodiments 
with reference to the appended drawings, wherein: 

Fig. 1 shows a simplified exploded perspective view of five metal plates or 
layers of a cooler for cooling electric components, in particular for 
cooling laser diodes or laser diode bars; 

Fig. 2 shows a simplified representation of a cross section through the heat 
sink manufactured from the plates of Figure 1 ; 

Fig. 3 shows a simplified schematic representation of a chamber housing the 
heat sink after joining of the plates for post-treatment through hot 
isostatic pressing (HIP). 

Fig. 4-6 show partial sections of the metal plates or layers of a cooler. 

In the drawings, 1 - 5 designate plate-shaped elements or plates made of 
metal, for example of copper, which are joined with each other on the 
surface to form a stack, forming a cooler or heat sink 6 for cooling an electric 
component, for example a laser diode bar, comprising a plurality of laser 
emitting diodes. The plates 1 - 5 in the depicted embodiment are rectangular 
blanks of the same size from a metal foil, for example from a copper foil. 

In order to form a cooler structure and to form channels for the supply and 
removal of a coolant, e.g. a liquid coolant, the plates 2- 5 are structured, i.e. 
provided with corresponding passages or openings 2.1, 3.1, 3.2, 4.1, 4.2 and 
5.1,5.2. 

Using a suitable joining material, which is generally designated 7 in the 
drawings, and using a joining process adapted to said joining material, the 
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plates, which are arranged in a stack, are joined with each other on their 
facing surfaces by applying heat at a joining temperature, so that the 
openings 5.1 and 5.2 form the connections for the supply and removal of the 
coolant and the remaining openings 2.1, 3.1, 3.2 form an internal, outwardly 
sealed flow channel for the coolant. Structuring of the plates 1 - 5 takes place 
by means of a suitable method, for example by etching or stamping, before 
joining of the plates. 

Suitable joining methods for joining the plates 1 - 5 include all known methods 
used for joining metal plates and in particular also for the manufacture of 
coolers or heat sinks made of plate stacks. Individual methods for this purpose 
are described in more detail below. These methods are generally such 
methods in which the joining or connecting of the plates 1 - 5 takes place at 
an elevated temperature (e.g. higher than 650°C), by means of a brazed joint 
in the broadest sense, i.e. by melting on a metallic connecting layer or the 
joining material 7 and subsequent cooling, or also by diffusion welding. 

The disadvantage of such known methods includes the fact that recesses or 
hollow spaces, i.e. so-called micro cavities, are formed in the area where two 
adjoining plates 1 - 5 are joined, some of which are open toward the flow 
channels formed by the openings or passages. The particular disadvantage 
of such micro cavities 8 is that they cause increased corrosion and especially 
that corrosion from a plurality of such micro cavities 8 can cause holes in the 
respective cooler 6 in the area where two plates 1 - 5 are joined, thus causing 
the flow channel formed in the cooler to leak. 

To prevent this according to the invention, the cooler 6, after being 
manufactured, i.e. after joining of the plates 1 - 5, is post-treated in a 
chamber 9 (Figure 3), namely in an inert gas atmosphere at a high treatment 
temperature TB below the joining temperature TF and at a high gas pressure 
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PB between 200 and 2000 bar, preferably at a gas pressure of at least 1000 
bar during this post-treatment process. As a result of this post-treatment, also 
known as hot isostatic pressing (HIP), the existing micro cavities 8 are pressed 
together and the plates 1 - 5 are subsequently joined by diffusion welding in 
the area of the micro cavities 8 existing up until that time, so that after 
completion of the post-treatment or HIP treatment the connection between 
the plates 1 - 5 is essentially free of micro cavities, thus preventing the 
corrosion problems mentioned above. 

A suitable inert gas is nitrogen, argon or other inert gases or rare gases or 
mixtures of the same, in which the oxygen content in the inert gas 
atmosphere is adapted to the temperature TB of the post-treatment process 
and to the metal used for the plates 1 - 5 so that no or no appreciable 
oxidation of the metal of the plates 1 - 5 occurs. 

In a preferable embodiment the oxygen content of the inert gas atmosphere 
is no more than 300 % of the equilibrium oxygen partial pressure of the metal 
used at the respective treatment temperature TB. The use of copper plates 
results in an oxygen content and oxygen partial pressure based on the 
temperature according to the following table: 



Treatment temperature TB (degrees 
C) 


Oxygen partial pressure (bar) 


1,085 


1.2 x 10-5 


1,027 


3.3 x 1 0-6 


927 


2.43 x 1 0-7 


827 


3.9 x 1 0- 8 
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727 


1. Ox 10- 9 


627 


1.1 x 10-" 


527 


4.1 x 10'3 


427 


2.8 x 10-' 6 


327 


1.7 x 10-20 



Therefore, it is necessary during the post-treatment process to prevent 
oxidation or other reactions of the material of the cooler with the pressurized 
gas. In systems in which copper, copper in combination with oxygen, silver or 
gold is used as the material for the plates 1 - 5 or for the joining material 7, 
nitrogen is suitable for use as the pressurized gas or inert gas. In other systems, 
in which for example iron and/or aluminum is used, nitrogen is not suitable as 
a pressurized gas due to the formation of nitrides. Argon is then used as the 
inert gas. Like nitrogen or argon, other technical gases that can be used as 
pressurized gases also contain small amounts of oxygen. In order to prevent 
oxidation or other reactions with the cooler 6 during post-treatment, the 
values specified in the table ensure that the oxygen content is not excessively 
above the equilibrium oxygen partial pressure of the metal-oxygen system. 
However, an oxygen content that exceeds the equilibrium oxygen partial 
pressure by 200 - 300 % is still permissible, since in particular at a not 
excessively high post-treatment temperature TB, the reaction of the metal 
used for the cooler 6 with oxygen, i.e. the oxidation, is genetically inhibited 
and besides, a slight oxide layer is generally not a hindrance. In furnaces with 
graphite, this problem does not exist in any case. 

The treatment temperature TB is set so that the joint between the plates 1 - 5 
is retained during post-treatment, i.e. the treatment temperature TB is as high 
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as possible in order to achieve the above-mentioned diffusion welding for 
removing the micro cavities 8, but is below the temperature TF at which, after 
joining, the entire joining material 7, i.e. the entire metallic system forming the 
joining material 7 between the plates 1 - 5 during joining of said plates and 
therefore all components of this system have become solid, i.e. the solidus 
temperature of the joining material system. In a preferred embodiment of the 
invention the treatment temperature TB is between 50 and 99 % of the 
temperature TF in °K. 

For post-treatment of the cooler 6, after joining and cooling to a temperature 
that allows comfortable handling of the cooler 6, said cooler is placed in the 
chamber 9 and is then re-heated in said chamber to the treatment 
temperature TB and kept in the chamber 9 at the post-treatment pressure PB 
for a post-treatment period, for example between 1 5 and 45 minutes. 

However, it is also generally possible, with a corresponding design of the 
facilities used for production, to conduct the post-treatment immediately 
after joining, as soon as the temperature of the manufactured cooler 6 has 
reached the treatment temperature TB. 

As described above, various joining methods or techniques and joining 
materials 7 suitable for these methods are conceivable. For example, it is 
possible, prior to joining, to apply the joining material only to the surface sides 
of the individual plates 1 - 5, namely only to their surface sides to be joined. 
The disadvantage of this, according to Figure 4, is that dead spaces 10 are 
formed in the junction areas between two plates in the proximity of the joining 
material 7, as depicted in an enlarged view in Figure 4 in the junction area 
between the plates 2 and 3 and in the area of the openings 2.1 and 3.1 there. 
These dead spaces 10 are associated with considerable disadvantages, e.g. 
they cause unwanted turbulence of the coolant flowing through the cooler 6, 
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and in particular such dead spaces 10 cause undesirable corrosion, 
especially on the edges of the openings 2.1 and 2.1 exposed through the 
dead spaces 10. 

To prevent the dead spaces 10, it may therefore be at least advantageous, 
as depicted in Figure 5, to provide the plates 1 - 5 with the joining material 7 
not only on their surface sides, but also on the contact surfaces of the 
openings, so that after joining of the plates 1 - 5 all surfaces and edges, in 
particular also the surfaces and edges of the channels of the cooler 6 formed 
by the side surfaces of the openings are covered by the joining material 7, as 
depicted in Figure 6 for the cooler 6a. This prevents the disadvantageous 
dead spaces 10. The post-treatment or hot isostatic pressing (HIP) prevents 
any micro cavities 8 also in the joining material covering the channels of the 
cooler 6a. 

It was assumed above that for the manufacture of the cooler 6a all plates 1 - 
5 are provided with the joining material 7 on their surface sides to be joined 
with each other and also on the inner surfaces of the openings. Generally it is 
also sufficient to coat only some of the inner surfaces of the openings of the 
plates 1 - 5 with the joining material 7 before joining. 

The joining of the plates 1 - 5 made of copper, for example, takes place for 
example by means of direct copper bonding (DCB), in which copper oxide is 
used as the joining material, forming in combination with the adjoining 
copper of the plates 1 - 5 a eutectic or eutectic joining or melt layer with a 
melting point between 1065°C and 1082°C. Accordingly, the maximum 
treatment temperature is TBmax = [0.99 (1065 + 273) - 273]°C = 1052°C. The 
minimum treatment temperature is then TB m in= [0.5 (1065 + 273) - 273]°C = 
396°C. 



A-1 01 48.translation.doc 



8 



Use of a brazing metal, e.g. a copper-silver alloy, as the joining material 7, 
with a eutectic temperature or joining temperature of approximately 768°C, 
results in the following treatment temperatures: 
TBmax = [0.99 (768 + 273) - 273]°C = 746°C 
TBmin= [0.50 (768 + 273) - 273]°C = 377°C 

Use of a brazing metal in the form of an alloy of copper and gold as the 
joining material 7, with a eutectic temperature or joining temperature of 
approximately 889°C, results in the following treatment temperatures: 
TBmax = [0.99 (889 + 273) - 273]°C = 877.5°C 
TBmin = [0.50 (889 + 273) - 273]°C = 308°C 

Based on the respective amount of joining material 7 or brazing metal used 
and based on the process temperature and/or process time applied during 
the joining process, alloys can form at the junctions between the plates, 
metallically connecting them with each other, with a joining temperature TF 
that is higher than the original eutectic temperature of the joining material, so 
that the temperature TB can also be set accordingly higher. 

The invention is described below based on several examples. 

Example 1 

In this example, copper-oxide is used as the joining material. To manufacture 
the cooler 6 or 6a, the plates 1 - 5 are manufactured with the passages and 
openings by etching or stamping. Afterwards, the plates are provided, by 
means of oxidation, with joining material 7 on their surface sides and also on 
the inner surfaces of the openings. 

The plates 1 - 5 are then stacked and the stack is heated to the required 
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process temperature, for example 1075°C in an inert gas atmosphere with an 
oxygen content of 2.5 to 100 ppm. 

Afterwards, the stack now consisting of the joined plates 1 - 5 is cooled to a 
temperature below the process temperature, e.g. to room temperature. The 
cooler 6 or 6a thus manufactured can be heated in the chamber 9 at an inert 
gas pressure of approximately 1000 bar to a temperature of approximately 
1020°C and kept at this pressure and this temperature for a period of 30 
minutes. It is then allowed to cool to room temperature. 

Example 2 

In this example silver is used as the joining material, forming at the joining 
temperature together with the adjoining copper of the plates 1 - 5 a eutectic 
brazing metal made of silver and copper. 

The plates 1 - 5 are again manufactured with their openings by stamping and 
etching. Afterwards, a silver layer, for example with a thickness of 3 |jm, is 
applied galvanically and/or chemically to the plates 1 - 5 and at least to the 
surface sides of these plates to be joined, but preferably also at least on some 
of the plates, to the contact surfaces of the openings. 

The plates 1 - 5 thus treated are then stacked and the plate stack is heated in 
an inert gas atmosphere, for example in a nitrogen atmosphere with an 
oxygen content of less than 100 ppm and at a process or joining temperature 
TF of 850°C. Afterwards, the plate stack or the cooler manufactured as a 
plate stack is allowed to cool to room temperature. 

The plate stack is then placed in the chamber 9 where it is heated in an inert 
gas atmosphere, for example in a nitrogen atmosphere at a post-treatment 
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pressure PB of approximately 1200 bar, to a post-treatment temperature TB of 
650°C and kept at this pressure and post-treatment temperature TB for a 
period of about 45 minutes, after which it is allowed to cool to room 
temperature. 

Example 3 

In this example gold is used as the joining material, forming together with the 
copper of the plates 1 - 5a eutectic brazing metal. The plates 1 - 5 are again 
manufactured with their openings, followed by the application of a gold layer 
with a thickness of approximately 2 pm to the plates 1 - 5 and to the contact 
surfaces of at least some recesses or passages. 

The stacked plates are then heated to 1030°C in an inert gas atmosphere 
formed for example from nitrogen with an oxygen content of less than 100 
ppm. Afterwards, the plate stack or cooler 6 or 6a is cooled and placed in the 
chamber 9 where it is post-treated in an inert gas atmosphere formed by 
argon at a pressure of approximately 900 bar and a temperature TB of 
approximately 920°C, for a duration of about 30 minutes, after which it is 
allowed to cool to room temperature. 

The invention was described above based on exemplary embodiments. It 
goes without saying that various modifications and variations are possible 
without abandoning the underlying inventive idea upon which the invention is 
based. 
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Reference list 



1 - 5 plate 

6, 6a cooler 

7 joining material 

8 micro cavities 

9 chamber 

10 dead space 



2. 1 , 3. 1 , 3.2, 4.1,5.1, 5.2 passage or opening 
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